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= Goal and motivation

= Description of experiment
* Pre —experiment simulations

= Data and analysis
e Heated targets:

= Conclusion
e What’s next (?)
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Motivation: Even today, modeling and
understanding stopping is challenging

There are many considerations
when calculating charged particle
energy loss in dense plasmas
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Modern theories are complex and
do not always agree.
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Basic idea: For a given proton energy, determine energy loss {/ = ~
as a function of target thickness . A/ 4

»= |dea is simple;

 Measure the relative change in energy as a function
of target thickness

o Characterize proton beam before entering target and after passing
through target

 Measure plasma temperature and density
o ldeally as a function of space and time

e Determine time dependent ionization balance

Execution is very hard
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= Basic concept of experiment:

e Short pulse laser generated protons have a short pulse duration.
They also have a long mean free path. Thus they are a good
candidate for volumetric heating of material.

o This minimizes hydrodynamic expansion and spatial gradients during
the stopping measurement

o The short proton pulse duration allows one to probe during a snap-shot
of the plasma characteristics

o TITAN

o LULI |
Heating

l l l protons

)
Probe ‘>
protons '
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To look at proton heating of material, we have used the .
simulation code HYDRA ey

The physical assumptions for proton energy loss in solid material using HYDRA:
From Tom Kaiser, Gary Kerbel, Manoj Prasad, HYDRA uses the following assumptions:
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Comparison of 3 spectrums OO

0.1MeV-30MeV analytical
0.01MeV-30MeV analytical
0.01MeV-2.5MeV Flat with2.5MeV-30MeV analytical

Reproduction of Andy Hazi's figure Fraction of the total pulse energy for a
given proton energy.
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Comparison of proton energy: 1J, 200mJ, 100mJ {/ ®

NPl
10um C target with a FLAT/Analytical proton beam focused to 50 um diam \v
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L

Experimental layout

= Protons heat edge-on
e Typical heating energy~130 J
e Typical probe energy~20 J

= Proton spectrometer
measures heating

spectrum

e Spectrum is used to infer
temperature

= FDI measures expansion of
critical surface spectiofeter

 Expansion velocity is used to
infer temperature
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Experiment: Our first stopping power experiment was performed {’_ o\
at the TITAN laser facility

Titan will enable experiments combining short-pulse

petawatt-class, and long-pulse kd beams

West beam line New vacuum
~ 500 J short pulse grating compressor

Short Pulse
Wavelength 1054 nm
Pulsewidth 4001s - 10 ps
Pulse Energy Up to 530J
Spot Size 8um
Rep Rate 2/hour

Long Pulse
Wavelength 1053 nm, 527 nm
Pulsewidth 250ps->6ns
Pulse Energy 1 kJ, 1w, 3ns;

| Spot Size 17 um
Rep Rate 2Mhour
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Methodology: Use Fourier domain interferometry to

determine the target characteristics

Fourier Domain Interferometry (FDI)
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FDI is a well Established Technique

+ Use beam splitter and delay line control scale
length

Produce phase as a function of time
A®(T) ~ expansion velocity
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11.5 um thick Carbon foil probed at 50 um from the heated [y >
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Code hydro 1D ESTHER ¢l

Temperature Vs TASRI Phasing
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The ionization dynamics of the carbon is critical to ( ~n
understanding the stopping power .~/ 4

S=§B[(1-Z/za)1nAbn] +(2/Z,)nA,

Comparison of expected and B=4me'NZ, /mV*, A, =2mV’/I_, A, =2mV’/I,, Z = atomic number
experimental ionization balance “ " o v A

| N = plasma density, V = proton velocity, Z = average ionization
B T=51eV .
O T-140v I 1 I, =ionization potential, I = Zé'/A,

2 o038 [
.g *lonization balance calculated using FLYCHK
o *Solid density
(o)) . .
= «Stewart-Pyatt continuum lowering
e
(&) c - -
u *The bound electron stopping is dominated by
© 2+
o the C?* charge state.
O 04
Ix] * For our plasma we have:
o
o
S o2 [ =51 =29 ~084

0 Lo — . . - o, .. Free electron stopping is in a partially

0 1 2 3 4 5 6 degenerate gas

Degree of ionization
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Energy loss simulations have been performed using our proton N\ |
spectrum as the source function . 2/ 4
3.210% ‘.\ ..... R . ;,ZE,’QJR'M
L * \ mmmgme= 17UM
[ 4
2.8 107
=24 101 +  Simulation performed
3 .o with SRIM
= ; ' Uses Bethe-Bloch for
L
%1 6 10 , dE/dx
1+ Effects are most
significant below 0.7

MeV
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Conclusion

= Data reduction is still on-going, however preliminary data reduction
have resulted in some observations:

1. Target charging makes wedge proton data difficult to unfold.
2. “Cold” carbon data shows larger energy loss than anticipated.

3. Rough comparison with heated target data suggest an
enhanced dE/dx for heated versus cold cases (see next
bullet).

4. Temperature data suggest stopping is dominated by C*? and
partially degenerate free electrons

= We are continuing with data reduction. Our next experiment is in
March 2011 (possibly something sooner at U. of Texas).
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